Background/Aims: Patients with active ulcerative colitis (UC) have elevated levels of activated myeloid-derived leukocytes as a source of inflammatory cytokines. The selective depletion of these leukocytes by adsorptive granulocyte/monocyte apheresis (GMA) with an Adacolumn should alleviate inflammation, promote remission and enhance drug efficacy. However, studies have reported contrasting efficacy outcomes based on patients' baseline demographic variables. This study was undertaken to understand the demographic features of GMA responders and nonresponders. Methods: This was a multicenter study in China involving four institutions and 34 patients with active UC. Baseline conventional medications were continued without changing the dosage. The treatment efficacy was evaluated based on the endoscopic activity index and the Mayo score. Results: Thirty of the 34 patients completed all 10 GMA treatment sessions. The overall efficacy rate was 70.59%. The receiver operating characteristic analysis showed that the area under the curve was approximately 0.766 for a Mayo score of ≤5.5 with 0.273 specificity and 0.857 sensitivity (Youden index, 0.584) for GMA responders. No GMA-related serious adverse events were observed. Conclusions: The overall efficacy of GMA in patients with active UC who were taking first-line medications or were corticosteroid refractory was encouraging. Additionally, GMA was well tolerated and had a good safety profile. (Gut Liver 2017;11:216-225) 
INTRODUCTION
Ulcerative colitis (UC) is a chronic relapsing-remitting inflammatory bowel disease (IBD), which afflicts millions of individuals throughout the world with symptoms that impair performance and quality of life. The etiopathogenesis of IBD is not fully understood at present, but immune-related mechanisms are responsible for the observed dysregulated immune responses against intraluminal antigens in genetically susceptible individuals. 1, 2 Further, the current treatment of IBD with anti-inflammatory drugs, including steroids, and immunosuppressants is inadequate for achieving a sustainable disease remission. Additionally, the chronic administration of these medications is associated with serious side effects as treatment-related morbidity factors. However, in drug refractory cases with active disease, surgical intervention is often applied to remove the affected segment of the large intestine. Therefore, an effective and safe treatment option is desirable. In recent years, selective depletion of myeloid lineage leucocytes by adsorptive granulocyte and monocyte apheresis (GMA) with an Adacolumn (JIMRO, Takasaki, Japan) has been introduced as a nonpharmacologic treatment strategy in patients with IBD. GMA is aimed at reducing the elevated and activated leucocytes known to be sources of inflammatory cytokines. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] In most hitherto studies, the efficacy outcomes have been promising. In China, GMA with the Adacolumn for the treatment of patients with IBD was officially approved for the treatment of patients with IBD in 2013.
Will GMA become an effective and safe alternative therapeutic option to conventional medications in China, and the rest of the world? In line with this thinking, we undertook a multicenter observational study to better understand the therapeutic potential of GMA in a Chinese population of patients with active UC. An observational study protocol was compiled with a 12-month follow-up involving four independent gastroenterology units.
Further, to improve the cost effectiveness of GMA, we aimed to identify markers of clinical responses to GMA. In fact, even in Japan, it has been difficult to select the right patients for therapeutic GMA due to a lack of established biomarkers or other demographic variables to measure the clinical response to this nonpharmacologic treatment option.
MATERIALS AND METHODS

Study design and objectives
This retrospective multicenter study in China aimed at identifying disease background features, which potentially mark a UC patient as either a responder or nonresponder to GMA. Four independent IBD units actively participated in this study. The eligible patients had been treated with GMA between April 2012 and September 2013 at the four centers.
Prior to the initiation of GMA therapy, from our database, we selected patients with inadequate efficacy response to 5-aminosalicylic acid (5-ASA) or patients who had active UC refractory to prednisolone and were 18 to 60 years of age, with a Mayo score 2 to 10, and endoscopy score 1 or 2 (0, inactive disease; 1, mild; 2, moderate; 3, severe). The extent of disease was limited to the left colon or total colitis.
The study patients had to have good vascular condition to receive an indwelling catheter of 18 to 20 gauge size to achieve blood access and flow during GMA. Exclusion criteria included recent (within 6 weeks) use of azathioprine, 6-mercaptopurine, or infliximab, or deep ulcers and extensive loss of the mucosal tissue at the affected sites. 'Refractory to prednisolone' was defined as oral corticosteroid (30 to 40 mg/day) for at least 2 to 3 weeks or intravenous corticosteroid (1 to 1.5 mg/kg bodyweight/day) for at least 7 to 10 days.
In general, "corticosteroid refractory UC" meant patients who had active disease in spite of receiving prednisolone up to 0.75 mg/kg bodyweight per day for more than 4 weeks.
Likewise, "steroid-dependent UC" meant patients who were either unable to reduce steroids below 10 mg/day equivalent prednisolone within 3 months of starting corticosteroid without experiencing recurrence, or patients who had UC flare-up within 3 months of stopping corticosteroids.
GMA procedures
All patients received GMA therapy twice a week with the Adacolumn as previously described. 12, 17 The first patient evaluation was done after six GMA sessions. If patients showed no signs of improvement in their clinical symptoms, then they attended another four GMA sessions. Conventional medication was to be continued during the whole GMA treatment course, but without any change in the dosage (Fig. 1 ).
Evaluations of safety and efficacy
During the GMA treatment period, patients' vital signs including heart rate, blood pressure, and the respiration rate were monitored. Long-term safety was evaluated by measuring albumin , alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBil), glutamate (GLU), creatinine (Cr), blood urea nitrogen (BUN), hemoglobin (Hb), red blood cell count (RBC), white blood cell count (WBC), platelets (PLT), and erythrocyte sedimentation rate (ESR) levels. For these measurements, routine blood samples were taken at entry, after GMA treatment, and at regular intervals during the observation period.
The clinical measurements included data on ALT, AST, TBil, GLU, Cr, BUN, Hb, RBC, WBC, PLT, ESR, C-reactive protein (CRP), and colonoscopy. The primary efficacy measures included endoscopic activity index (EAI) according to Naganuma et al., 22 or the Mayo score. 23, 24 The included patients were assessed at entry and after treatment according to the following calculation: (pretreatment score-posttreatment score)/pretreatment score×100%=efficacy level. Similar results for the two assessment methods were obtained after applying this calculation. [22] [23] [24] A reduction of 90% to 100% in the EAI score or the Mayo score was defined as "remission"; 70% to 89% decrease in symptoms was defined as "significant efficacy"; 30% to 69% was defined as "effective"; and <30% was defined as "no response." "Total efficacy" was the sum of remission, significant efficacy, and effective fractions.
On the basis of the Mayo scoring system, "clinical response" was defined as a decrease from baseline in the total Mayo score of at least 3 points (and 30%), with an accompanying decrease in the subscore for rectal bleeding of at least 1 point, or absolute subscore for rectal bleeding of 0 or 1. Further, "clinical remission" was defined as total Mayo score of 2 points or lower, with no individual subscore exceeding 1. Likewise, "mucosal healing" was defined as the absolute subscore for endoscopy (0 or 1). 
Ethical considerations
As stated above, in China, GMA with the Adacolumn is an officially approved therapeutic option for patients with active IBD. Additionally, informed consent was obtained from all patients after explaining to them the study aim and the nature of the procedures involved. Further, adherence was made to the Principle of Good Clinical Practice and the Helsinki Declaration at all times.
Statistics
When appropriate, numerical data are presented as mean± standard deviation values. Comparison of demographic variables between the remission and the nonremission groups was done by using either the Mann-Whitney U-test or Fisher exact test. Multiple logistic regressions were applied to determine markers of response to GMA (Dr SSAPII for Windows).
To determine predictive factors that were closely associated with the response to GMA, we used receiver operating characteristic (ROC) curves with area under the curve (AUC). The ROC curves for the predictive factors were plotted by using SPSS for Windows statistical software version PASW Statistics 24 (SPSS Inc., Chicago, IL, USA). The AUC was calculated, and the point with the largest AUC was defined as the point having the greatest association with the response to GMA.
The best cutoff values for the predictive factors had to have a minimum distance from the upper-left corner to the point on the ROC curve, and were distinguishable between the remission and the non-remission groups. A p-value <0.05 was considered statistically significant. When appropriate, we applied the paired t-test for ALT, AST, TBil, GLU, Cr, BUN, Hb, RBC, WBC, and PLT.
RESULTS
Baseline demographic variables
Thirty-four patients with active UC received 10 consecutive GMA treatment sessions (two sessions per week) as shown in Fig. 1 . The patients' main demographic variables are presented in Table 1 . Among the 34 patients, 19 were male and 15 were The efficacy of granulocyte/monocyte apheresis (GMA) was based on changes in the endoscopic activity index and the Mayo score as evaluated at entry and after 10 GMA sessions. 
Clinical efficacy outcomes after 10 GMA sessions
Among the 34 patients included in this study, four were excluded because of ineligibility so they did not complete the procedure as stated in the safety section. The remaining 30 patients completed all 10 GMA treatment sessions according to the study's intention. The clinical efficacy was evaluated based on the EAI and Mayo scores. According to the EAI score, there were four cases in remission, nine significant efficacy cases, 11 effective cases, and six no-response cases ( Table 2) .
The total efficacy rate by EAI was 70.59%. Likewise, according to the Mayo score, 16 patients had mucosal healing, 15 patients were in clinical remission, 24 were clinical response cases, and six were nonresponders ( Table 3 ). The clinical response (according to the Mayo score) was 70.59% in this study.
Figs 2 and 3 show the clinical efficacy outcomes (via line charts) based on Mayo scores before and after treatment. Both these figures show a decline in UC scores after treatment. Fig. 4 shows representative endoscopy findings before and after treatment. Additionally, Table 4 shows the EAI and the Mayo score subindex by paired t-test before and after GMA. Each subindex shows a statistically significant difference after treatment (p<0.05).
Predictive factors for response to GMA
Hitherto publications 12, 17 have reported that some patients show good response, while a minority subgroup do not respond well to GMA. To identify the relevant factors, we analyzed the difference between the "effective" and "poorly effective" (Table  5) subgroups. The patients in remission (or with significant efficacy and effectiveness) were included in the effective group; the patients with no-response were included in the poorly effective group. The poorly effective group contained six no-response patients and the other 24 patients were in the effective group. The results shown in Table 5 indicate that before the treatments there was no significant difference (between the two subgroups) in age, duration of UC, combined daily dosage of steroids, WBC, or CRP. Only the Mayo score revealed that there was a statistically significant difference between the two groups: the Mayo score in the effective group was significantly lower than that in the poorly effective group. Table 5 shows a comparison of patients' demographic variables in the subgroups by univariate analysis.
To understand the significance of the Mayo score for response to GMA treatment, we applied the ROC approach (Fig. 5) , and found that the area under the curve was approximately 0.766 (p=0.037; 95% CI, 0.553 to 0.979). We tried to find the best cutoff value, which could help us to better understand patient features, which potentially might identify GMA responders. One such value was found to be 6.5, with a specificity of 0.545, and sensitivity of 0.857 (Youden index 0.312). Using another mea- sure it was found to be 5.5, with specificity above 0.273, and a sensitivity of 0.857 (Youden index 0.584).
Safety
All adverse events in the 34 patients of this study were recorded. The most common side effects were transient migrainelike headache in three of 34 patients (8.82%). Only one patient withdrew due to unbearable treatment-related migraine-like headache; his headache remitted upon discontinuation of GMA treatment. In the remaining two patients, their headaches were very mild and both patients completed their 10 GMA sessions. One patient withdrew because her UC was very severe before entry and she received emergency colectomy. Another patient failed to attend after one GMA session. In addition there was one patient who developed spasmodic pain during treatment, which disappeared after cessation of treatment. Subsequently, he was diagnosed as having ischaemic bowel disease and he withdrew after one GMA session. However none of the GMArelated adverse events were considered serious.
There was no other serious adverse event or opportunistic infection during our observation period, even in patients who were on prednisolone during the course of GMA therapy. Among the 34 patients, there were three cases with poor vascular conditions. In these three cases we had to keep a deep venous catheter in position for GMA. They had no deep venous catheter-related complication such as infection or thrombosis. Likewise, liver and kidney function tests showed no significant change after GMA therapy.
Follow-up
All patients were followed up for 8.87±1.42 months or longer after the final GMA session (Fig. 6) . Up to 20 patients (60%) maintained the remission during the follow-up time. Figs 5 and 6 show the treatment of patients and summary of the clinical outcomes in this study.
DISCUSSION
Historically, UC has been a relatively rare disease in China, 25 but in recent years the incidence of this immune disorder has increased dramatically so it might reach the same level as countries in the European Union or in the United States. 26 For patients who do not respond well to first-line salicylates or whose disease becomes refractory to corticosteroids, UC can be very debilitating. However, even those who respond to corticosteroids may develop adverse side effects, which add complexity to the disease symptoms. Further, the chronic nature of the disease means that patients need lifelong medications and this may lead to refractoriness and an increase in the risk of drug-related adverse events. Accordingly, drug therapy by its very nature has serious limitations. For many years, colectomy has been considered as an option in drug refractory patients with active UC, but the vast majority of patients in China (and perhaps other parts of the world) are reluctant to undergo colectomy or surgical resection of the UC lesions. Therefore, an effective new treatment is very much desired if we are to have good efficacy margins and low colectomy rates. GMA, if effective, should be an ideal alternative to pharmacological treatments because of its good safety profile as well as for being a nonpharmacologic treatment option.
Our study is the first that has investigated the efficacy and safety of GMA therapy in patients with UC in a Chinese IBD population setting. The 34 included patients had been treated with GMA and were reviewed in a retrospective setting. With regard to the efficacy outcomes, an overall efficacy rate of 70.59%-in patients who had failed to respond well to firstline medications or who had active UC refractory to corticosteroids-was very encouraging. This is like saying GMA was an opportunity for our patients to be spared from additional pharmacological treatments, which have potential safety concerns. Further, most patients included in this study were young adults. This means significant improvement in the quality-of-life and a decrease in the risk of side effects if these young patients had opted for an alternative drug-based therapy. 16 Likewise, this nonpharmacologic treatment strategy should be promising for specific populations such as pediatric and adolescent patients with IBD, 5,16 pregnant cases, fertility treatment patients, 14 and patients with cytomegalovirus 27 or hepatitis B virus infections. 28 Regarding the safety of GMA, our findings showed that the most common side effect was transient migraine-like headache. The rate (8.82%) is much lower than the incidence seen in most patients on corticosteroids. 3 Additionally, we found that common biochemical markers, including liver and kidney functions, were not affected by GMA. During follow-up, we found that GMA nonresponder patients could continue to opt for conventional medications including immunosuppressive therapy. Therefore, our experience suggested that GMA therapy can be a safe choice for patients with active UC who wish to avoid pharmacological treatments.
In this study, we were also interested in finding patient demographic variables, which potentially could identify responders and nonresponders to GMA. In the 2010 Japanese active UC treatment guidelines, specific recommendations include prednisone at 30 to 40 mg/day or higher doses in patients with severe UC. The combined use of GMA can add safety and potentially be more effective for maintaining or reducing the amount of corticosteroids, which is the recommendation level A (Ib).
For the initial treatment of moderate-to-severe UC patients, GMA and corticosteroids should be equally effective (recommendation level B [IIa]). However, GMA is often applied to treat patients with drug refractory UC or those who show inadequate response to conventional medications (recommendation level I [V]). We found that the Mayo score ≤5.5 may be an easier approach to select potential responder patients for GMA. However, this conclusion warrants further investigation in a larger cohort of patients with active UC, together with a longer follow-up observation time.
Our study also found specific limitations with GMA therapy: it being relatively expensive (currently not covered by health insurance in China), requiring good vascular conditions for blood access, and needing time to show efficacy. Tominaga et al. 3 undertook a comprehensive assessment of cost, efficacy, and safety for GMA vs prednisolone, a commonly used corticosteroid. They found that the average medical cost per patient was €12,739.4 for GMA and €8,751.3 for prednisolone (p<0.05). However, GMA had an overwhelmingly better safety profile (p<0.001). The authors stated that this negative (higher cost for GMA) is reduced by its good safety profile as a nonpharmacologic intervention.
As already stated, we were interested in better understanding the predictive factors of the clinical response to GMA in patients with UC. With this in mind, we looked at the clinical response and patients' demographic variables, although our analysis was limited by the small sample size (30 patients) in this study. Thus in the future we hope to continue our investigations in a larger cohort of patients in China. In clinical settings, knowing the baseline demographic variables (which potentially identifies a patient as a responder, or otherwise as a nonresponder to GMA) should help to avoid futile use of medical resources and to reduce morbidity in many patients.
The best responders to GMA appear to be first-episode cases 29, 30 followed by steroid-naïve patients. 17, 31 Recently, Yokoyama et al. 12 looked for predictive factors of clinical response to GMA. 12, 32 In their first investigation, the authors reported that patients with a lesser duration of UC (and a low cumulative corticosteroid dose in the past) responded well to GMA. However, the best responders in that study were patients who received GMA immediately after a clinical relapse. 12 Additionally, GMA was effective in patients with low WBCs at the first treatment session. 32 In their second study, Yokoyama et al. 32 found a significant fall in myeloid leucocytes and PLT in responders versus nonresponders to GMA. Further, baseline clinical activity index was lower in the remission group versus nonremission. After 12 months, 52 of 134 patients had maintained remission. 32 Disease duration was longer in the relapsed group versus the maintained remission group.
32
This study also reported that first UC episode and corticosteroid responder features, together with drug-naïvity, were significant factors for a favorable response to GMA, whereas corticosteroid-dependent UC was associated with early relapse in those who had achieved remission. 32 Patients in whom colonoscopy reveals deep ulcers and extensive loss of the mucosal tissue, together with those who have a long history of exposure to multiple pharmacologics to which the disease has become refractory, may not benefit from GMA. [33] [34] [35] However, it is very important and clinically relevant to indicate here that with pharmacologic treatment, in particular, corticosteroids given to patients when they first develop IBD can lead to a complicated disease course in the long term. In line with these assertions, Yamamoto et al. 36 found that patients who received Adacolumn GMA in the early days of their active UC had a more favorable long-term clinical course by avoiding corticosteroids and other pharmacological treatments at an early stage of their IBD. Currently, GMA's long-term efficacy is unknown. For how long the responder patients will maintain in clinical remission requires a longer follow-up time. Likewise, the exact mechanism for the clinical efficacy of GMA has been reviewed by Inoue et al. 10 but additional work can strengthen the current knowledge on the mode of actions of GMA in patients with UC. It is unlikely that removal of a fraction of myeloid lineage leucocytes per se can account for the observed clinical efficacy. The column outflow blood which returns to patients is where one could look for substance with potential therapeutic effect. 29 In conclusion, this retrospective investigation showed an overall efficacy rate of 70.59% for GMA in patients with active UC and on first-line medications or active UC refractory to corticosteroids. Additionally, GMA was well-tolerated, and with a good patient compliance and safety profile. The entry Mayo score should identify patients who are likely to respond well to GMA, and the mean Mayo score in the poorly effective group was higher than those in the effective group in this study.
We thought that UC patients with relatively lower Mayo score at entry were more likely to respond well to GMA compared with patients with a higher Mayo score. After the multiple logistic regression analysis, we found the best cutoff value which might indicate "good GMA responder." According to the clinical setting, we thought that a Mayo score value of ≤5.5 might indicate a good GMA responder.
Future studies should focus on the long-term efficacy of GMA and its impact on the dysregulated immune profile in patients with IBD. It is unlikely that removal of a fraction of myeloid lineage leucocytes per se can account for the observed clinical efficacy. The column outflow blood which returns to patients is where one could look for substance with potential therapeutic effect.
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